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Description 



BATTERY STATF -OF- CHARGE ESTIMATOR 

5 Technical Field 

The present invention relates to a battery state-of -charge 
estimator which estimates the state of charge of a battery equipped 
to a vehicle. 

Background Art 

10 Conventionally, a secondary cell (that is, a battery such as 

a nickel hydrogen battery or a lithium ion battery) for driving 
a motor in hybrid electric vehicles having a power generator for 
generating power by driving and regeneration by an engine and a 
motor which is operated with power from the battery for driving 

15 a driving wheel and in electric vehicles including the hybrid 
vehicles . 

As an indication of a state of charge of the battery, a measure 
known as SOC (state of charge) is used, in which an SOC of 100% 
represents a fully charged state and an SOC of 0% represents a state 

20 in which the amount of charging is zero. In addition, there is a 
one-to-one correspondence between an open voltage Vocv and the SOC 
for a battery. Therefore, it is possible to calculate an SOC 
corresponding to an open voltage Vocv from a correlation between 
Vocv and SOC by measuring or estimating the open voltage Vocv of 

25 the battery. 

Because the state of charge (SOC) of the battery changes 
depending on the running state of a vehicle (for example, starting, 
normal running, acceleration, deceleration, etc.) and electrical 
load of the vehicle (for example, brake lights, headlights, wipers, 
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fan, etc.), the SOC must be estimated while the battery is being 
used . Conventionally, an SOC estimator in which the SOC is estimated 
by integrating a current (charging/discharging current) value of 
the battery is widely in use as an SOC estimator for the battery. 
5 For example, Japanese Patent Laid-Open Publication No. 

2000-166105 discloses a device as shown in Figs. 14 and 15 in which, 
when a current sensor 16 for detecting a charging/discharging current 
of a battery 10 is normal (S400, S402) , a charging/discharging current 
value detected by a battery ECU 34 is integrated to estimate the 
10 SOC (S404), and, when the current sensor 16 is abnormal, on the 
other hand, the state of charge of the battery is determined by 
the battery ECU 34 based on a battery voltage detected by a voltage 
detector 12 because the SOC cannot be detected through integration 
of charging/discharging current (S406, S407) . 
15 However, in the battery state-of -charge controller of Japanese 

Patent Laid-Open Publication No. 2000-166105, because the state 
of charge of the battery is determined based on the battery voltage 
from the voltage sensor when the current sensor is abnormal, the 
estimation precision of the determined SOC is low when the slope 
20 of the relationship between OCV and SOC changes. 

In addition, there is a problem in that the estimation precision 
of the SOC is reduced in the SOC estimation unit through the 
integration method of the measured values in the current sensor 
when the measured current value is a value which contains an error 
25 or noise. 

Disclosure of Invention 
The present invention was conceived in view of the 
above-described problems, and an object of the present invention 
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is to provide a battery state-of-charge estimator in which a precision 
of SOC estimation is improved even when the current value of the 
battery is a value containing an error or an abnormal value. 

A battery state-of-charge estimator according to various 
5 aspects of the present invention has the following characteristics. 

(1) According to one aspect of the present invention, there 
is provided a battery state-of-charge estimator comprising a voltage 
detector unit which detects a voltage of a battery, an internal 
resistance estimator unit which estimates an internal resistance 
10 of the battery, an estimated charging/discharging current calculator 
unit which calculates an estimated charging/discharging current 
of the battery based on the internal resistance of the battery 
determined by the internal resistance estimator unit, the voltage 
of the battery, and an open voltage of the battery, an SOC estimator 
15 unit which estimates a state of charge (hereinafter referred to 
as "SOC") of the battery based on the estimated charging/discharging 
current determined by the estimated charging/discharging current 
calculator unit, and an open voltage calculator unit which sets 
the measured voltage of the battery as the open voltage of the battery 
20 at an initial calculation of the charging/discharging current and 
calculates the open voltage of the battery based on the SOC which 
is previously estimated after the initial calculation. 

The battery state-of-charge estimator according to this aspect 
of the present invention does not estimate the SOC by integrating 
25 a measured current value detected by a current detector unit, but 
rather estimates the internal resistance of the battery, determines 
an estimated charging/discharging current of the battery using the 
estimated internal resistance of the battery, the battery voltage, 
and the open voltage of the battery calculated based on the SOC 
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which is previously estimated, and estimates the state of charge 
of the battery based on the estimated charging/discharging current. 
Because of this structure, even when the measured current value 
detected by the current detector unit is a value containing an error 

5 or an abnormal value, it is possible to precisely estimate the state 
of charge of the battery. 

(2) According to another aspect of the present invention, there 
is provided a battery state-of -charge estimator comprising a voltage 
detector unit which detects a voltage of a battery, an internal 

10 resistance estimator unit which estimates an internal resistance 
of the battery from a state of the battery, an estimated 
charging/discharging current calculator unit which calculates an 
estimated charging/discharging current of the battery based on the 
internal resistance of the battery determined by the internal 

15 resistance estimator unit, the voltage of the battery, and an open 
voltage of the battery, a first SOC estimator unit which estimates 
a state of charge of the battery based on the estimated 
charging/discharging current determined by the estimated 
charging/discharging current calculator unit, and an open voltage 

20 calculator unit which sets the measured voltage of the battery as 
the open voltage of the battery at an initial calculation of the 
charging/discharging current and calculates the open voltage of 
the battery based on the SOC which is previously estimated, after 
the initial calculation. 

25 In the battery state-of -charge estimator according to this 

aspect of the present invention, the measured current value detected 
by the current detector unit is not used, but instead an internal 
resistance of a battery is estimated from a state of the battery, 
an estimated charging/discharging current of the battery is 
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determined using the estimated internal resistance of the battery, 
the battery voltage, and the open voltage of the battery calculated 
based on the SOC which is previously estimated, and the state of 
charge of the battery is estimated based on the estimated 

5 charging/discharging current . Because of this structure, the state 
of charge of the battery can be precisely estimated without being 
affected by a measured current value even when the measured current 
value detected by the current detector unit is a value containing 
an error or an abnormal value. In addition, because the structure 

10 does not have a current detector unit which is expensive, it is 
possible to reduce the cost of the battery state-of-charge estimator . 

(3) According to another aspect of the present invention, it 
is preferable that the battery state-of-charge estimator described 
above further comprises a temperature detector unit which detects 

15 a temperature of the battery, wherein the internal resistance 
estimator unit estimates the internal resistance based on the 
temperature of the battery. 

Because there is a correlation between the temperature of the 
battery and the internal resistance of the battery, it is possible 

20 to easily calculate the internal resistance of the battery from 
the temperature of the battery by, for example, measuring the 
temperature and the internal resistance of the battery in advance 
and storing a correlation map. 

(4) According to another aspect of the present invention, it 
25 is preferable that a battery state-of-charge estimator as described 

above further comprises a current detector unit which detects a 
charging/discharging current of the battery, an internal resistance 
calculator unit which calculates the internal resistance of the 
battery based on the measured charging/discharging current of the 
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battery which is detected by the current detector unit and the voltage 
of the battery which is detected by the voltage detector unit, and 
an internal resistance corrector unit which intermittently corrects 
the estimated internal resistance which is estimated by the internal 

5 resistance estimator unit based on the internal resistance 
determined, by the internal resistance calculator unit. 

When, for example, the SOC is to be estimated for a battery 
in which the internal resistance of the battery changed as time 
elapses, it is possible to inhibit an increase in error of the 

10 estimated SOC due to deterioration of battery as time elapses and 
to precisely estimate the SOC by, for example, calculating the 
internal resistance of the battery from the charging/discharging 
current of the battery and the voltage of the battery and periodically 
correcting the estimated internal resistance based on the calculated 

15 internal resistance. 

(5) According to another aspect of the present invention, it 
is referable that, in a battery state-of -charge estimator described 
above, the internal resistance corrector unit corrects a 
relationship between the estimated internal resistance and the 

20 temperature of the battery based on the internal resistance which 
is determined by the internal resistance calculator unit and the 
measured battery temperature. 

With this structure, even when the internal resistance 
corresponding to the temperature of the battery changes as time 

25 elapses, for example, it is possible to periodically correct and 
update the correlation relationship between the temperature of the 
battery and the internal resistance of the battery, to thereby improve 
the estimation precision of the SOC of the battery as time elapses. 

(6) According to another aspect of the present invention, there 



is provided a battery state-of-charge estimator comprising a current 
detector unit which detects a charging/discharging current of a 
battery, a voltage detector unit which detects a voltage of the 
battery, an internal resistance calculator unit which calculates 

5 an internal resistance of the battery based on the measured 
charging/discharging current of the battery which is detected by 
the current detector unit and the voltage of the battery which is 
detected by the voltage detector unit, an estimated 
charging/discharging current calculator unit which calculates an 

10 estimated charging/discharging current of the battery based on the 
internal-resistance of the battery which is determinedby the internal 
resistance calculator unit, the voltage of the battery, and an open 
voltage of the battery, a second SOC estimator unit which estimates 
a state of charge of the battery based on the estimated 

15 charging/discharging current which is determined by the estimated 
charging/discharging current calculator unit, and an open voltage 
calculator unit which sets the measured voltage of the battery as 
the open voltage of the battery at an initial calculation of the 
charging/discharging current and calculates the open voltage of 

20 the battery based on the SOC which is previously estimated, after 
the initial calculation. 

According to this aspect of the present invention, the measured 
charging/discharging current detected by the current detector unit 
is hot directly integrated, but instead, the internal resistance 

25 of the battery is calculated based on the detected measured 
charging/discharging current and themeasured voltage, the estimated 
charging/discharging current of the battery is calculated based 
on the calculated internal resistance of the battery, the measured 
voltage of the battery, and the open voltage of the battery, and 
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the SOC is estimated by integrating the estimated 
charging/discharging current. Because of this configuration, even 
when the measured charging/discharging current detected by the 
current detector unit contains an error, it is possible to inhibit 

5 degradation of the precision of the estimated SOC. Moreover, when 
the SOC is to be estimated for a battery in which the internal 
resistance of the battery changes as time elapses, because the 
internal resistance of the battery is calculated from the measured 
charging/discharging current of the battery and the measured voltage 

10 of the battery, it is possible to inhibit an increase in error of 
the estimated SOC due to deterioration of the battery as time elapses . 
Thus, with this configuration, it is possible to precisely estimate 
the SOC. 

(7) According to another aspect of the present invention, there 
15 is provided a battery state-of -charge estimator comprising a current 
detector unit which detects a charging/discharging current of a 
battery, a voltage detector unit which detects a voltage of the 
battery, an internal resistance estimator unit which estimates an 
internal resistance of the battery from a state of the battery, 
20 a first estimated charging/discharging current calculator unit which 
calculates an estimated charging/discharging current of the battery 
based on the internal resistance of the battery which is determined 
by the internal resistance estimator unit , the voltage of the battery, 
and an open voltage of the battery, a first SOC estimator unit which 
25 estimates a state of charge of the battery based on the estimated 
charging/discharging current which is determined by the first 
estimated charging/discharging current calculator unit, an internal 
resistance calculator unit which calculates an internal resistance 
of the battery based on the measured charging/discharging current 



of the battery which is detected by the current detector unit and 
the voltage of the battery which is detected by the voltage detector 
unit, a second estimated charging/discharging current calculator 
unit which calculates an estimated charging/discharging current 
5 of the battery based on the internal resistance of the battery which 
is determined by the internal resistance calculator unit, the voltage 
of the battery, and the open voltage of the battery, a second SOC 
estimator unit which estimates a state of charge of the battery 
based on the estimated charging/discharging current which is 
10 determined by the second estimated charging/discharging current 
calculator unit, a switching unit which switches between the SOC 
from the first SOC estimator unit and the SOC from the second SOC 
estimator unit based on the state of the battery, and an open voltage 
calculator unit which sets the measured voltage of the battery as 
15 the open voltage of the battery at an initial calculation of the 
charging/discharging current and calculates the open voltage of 
the battery based on the SOC which is previously estimated, after 
the initial calculation. 

In this aspect of the present invention, because the first 
20 SOC estimator unit and the second SOC estimator unit are switched, 
it is possible to precisely estimate the SOC even when the measured 
charging/discharging current detected by the current detector unit 
contains an error or has an abnormal value. 

(8) According to another aspect of the present invention, it 
25 is preferable that a battery state-of -charge estimator as described 
above further comprises an abnormality detector unit which compares 
the measured charging/discharging current value detected by the 
current detector unit and the estimated charging/discharging current 
value calculated by the estimated charging/discharging current 



calculator unit, and determines that the current detector unit is 
abnormal when a difference between the charging/discharging current 
values is greater than a predetermined difference and that the current 
detector unit is normal when the difference is a predetermined 

5 difference or smaller, wherein the switching unit switches to the 
SOC from the first SOC estimator unit when the abnormality detector 
unit determines that the current detector unit is abnormal and 
switches to the SOC from the second SOC estimator unit when the 
abnormality detector unit determines that the current detector unit 

10 is normal. 

Because the determination of whether or not the measured 
charging/discharging current value is to be used in calculation 
of the estimated charging/discharging current is effected by 
determining, in the abnormality detector unit, whether or not the 

15 current detector unit is abnormal and then one of the first and 
second SOC estimator units is selected, it is possible to more 
precisely estimate the SOC. 

(9) According to another aspect of the present invention, it 
is preferable that, in a battery state-of -charge estimator as 

20 described above, the temperature detector unit is placed in the 
battery, on a surface of the battery, or near the surface of the 
battery. 

In general, the temperature of the battery changes with a change 
in the internal resistance of the battery. Therefore, by providing 
25 a temperature detector unit near the surface of the battery, on 
the surface of the battery, or in the battery, it is possible to 
detect a battery temperature which is highly correlated to the 
internal resistance of the battery. As a result, the precision of 
the estimated SOC is improved. 
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(10) According to another aspect of the present invention, 
it is preferable that, in a battery state-of -charge estimator as 
described above, at least one of the first SOC estimator unit, the 
second SOC estimator unit, and the SOC estimator unit periodically 

5 estimates the SOC at a predetermined interval. 

Because the SOC is periodically estimated at a predetermined 
interval, it is possible to know more recent state of charge of 
the battery. 

(11) According to another aspect of the present invention, 
10 it is preferable that a battery state-of -charge estimator as 

described above further comprises a current detector unit which 
detects a charging/discharging current of the battery, a first 
battery full-capacity calculator unit which determines a full 
capacity of the battery based on the SOC which is estimated by the 

15 SOC estimator unit or the first SOC estimator unit and an integrated 
value of the charging/discharging current of the battery which is 
detected by the current detector unit during the estimation of the 
SOC, and a third SOC estimator unit which estimates a state of charge 
of the battery based on the full capacity of the battery which is 

20 obtained by the first battery full-capacity calculator unit and 
the measured charging/discharging current of the battery which is 
detected by the current detector unit. 

In general, when the SOC is to be estimated based on the estimated 
charging/discharging current of the battery obtained through 

25 calculation using the measured voltage value of the battery, it 
is possible to estimate the correct SOC because the relationship 
between the SOC and the open voltage does not change even with the 
change of the capacity due to deterioration of the battery . However, 
when a polarization voltage of the battery and its small variation 



are not considered when the open voltage is calculated, the precision 
of the estimated charging/discharging current value of the battery 
is slightly reduced because of the polarization voltage and its 
variation and, therefore, a highly precise estimation is sometimes 
not possible. On the other hand, when the SOC is to be estimated 
based on the measured current value of the battery as is done in 
the related art, a highly precise estimation is only possible when 
the initial SOC is accurate, the precision of the current detector 
unit is high, and the full capacity of the battery is always constant . 
Thus, even when the polarization voltage of the battery is not 
considered, it is possible to more precisely estimate the SOC by 
knowing the change in the full capacity of the battery caused by 
deterioration of the battery. 

(12) According to another aspect of the present invention, 
it is preferable that a battery state-of -charge estimator as 
described above further comprises a second battery full-capacity 
calculator unit which determines a full capacity of the battery 
based on the SOC which is estimated by the first SOC estimator unit 
or the second SOC estimator unit and an integrated value of the 
charging/discharging current of the battery which is detected by 
the current detector unit during the estimation of the SOC, and 
a fourth SOC estimator unit which estimates a state of charge of 
the battery based on the full capacity of the battery which is obtained 
by the second battery full-capacity calculator unit and the measured 
charging/discharging current of the battery detected by the current 
detector unit. 

Similar to the above-described aspect of the present invention, 
according to this aspect of the present invention, it is possible 
to consider a change in the full capacity of the battery caused 
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by deterioration of the battery and to more precisely estimate the 
SOC. 

(13) According to another aspect of the present invention, 
it is preferable that a battery state-of -charge estimator as 

5 described above further comprises a remaining capacity detector 
unit ^which detects a remaining capacity of each individual cell 
within the battery and a remaining energy calculator unit which 
detects a minimum remaining capacity based on the remaining capacity 
of each individual cell which is obtained from the remaining capacity 

10 detector unit and calculates an amount of remaining energy of the 
battery based on the minimum remaining capacity. 

With a configuration according to this aspect of the present 
invention, even when the battery is deteriorated and the capacity 
changes, it is possible to know the minimum amount of remaining 

15 energy which can be extracted from the battery. 

(14) According to another aspect of the present invention, 
it is preferable that, in a battery state-of -charge estimator as 
described above, the estimated charging/discharging current 
calculator unit, the first charging/discharging current calculator 

20 unit, or the second charging/discharging current calculator unit 
calculates the estimated charging/discharging current of the battery 
based on the internal resistance of the battery, the voltage of 
the battery, the open voltage of the battery, and a polarization 
voltage . 

25 By considering the polarization voltage in the battery, it 

is possible to more precisely estimate the SOC. For example, when 
the battery is a lithium battery, the polarization may affect the 
estimation of the SOC, and, thus, calculation of the estimated 
charging/discharging current of the battery as described is 



preferred, in particular for the lithium battery. 

(15) According to another aspect of the present invention, 
it is preferable that a battery state-of-charge estimator as 
described above further comprises a current detection abnormality 

5 detector unit which compares the measured charging/discharging 
current value which is detected by the current detector unit which 
detects a charging/discharging current of the battery and the 
estimated charging/discharging current value which is determined 
by one of the estimated charging/discharging current calculator 

10 unit, the first charging/discharging current calculator unit, and 
the second charging/discharging current calculator unit, and 
determines that the current detector unit is abnormal when a 
dif f e rence between the current values is greater than a predetermined 
difference and that the current detector unit is normal when the 

15 difference is a predetermined value or smaller, wherein the SOC 
is estimated based on the estimated charging/discharging current 
value when the current detection abnormality detector unit 
determines that the current detector unit is abnormal and the SOC 
is estimated using the measured charging/discharging current value 

20 when the current detection abnormality detector unit determines 
that the current detector unit is normal. 

By using the current detection abnormality detector unit, it 
is possible to determine the precision of the current detector unit 
and to more precisely estimate the SOC using a more accurate 

25 charging/discharging current value. 

(16) According to another aspect of the present invention, 
it is preferable that, in a battery state-of-charge estimator as 
described above, depending on an environmental temperature of the 
battery, one of the measured charging/discharging current value 
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which is detected by the current detector unit which detects the 
charging/discharging current of the battery and the estimated 
charging/discharging current value which is determined by one of 
the estimated charging/discharging current calculator unit, the 
5 first charging/discharging current calculator unit, and the second 
charging/discharging current calculator unit is selected, and the 
SOC is estimated based on the selected charging/discharging current 
value . 

Depending on the temperature range of the environmental 

10 temperature of the battery, there may be a case in which the detection 
precision of the current detector unit is high and the precision 
of the measured charging/discharging current value is high and a 
case in which the precision of the estimated charging/discharging 
current value is high. Therefore, by estimating the SOC based on 

15 the charging/discharging current value with a higher precision, 
it is possible to more precisely estimate the SOC. 

(17) According to another aspect of the present invention, 
it is preferable that a battery state-of -charge estimator as 
described above further comprises a charging/discharging 

20 prohibiting unit which prohibits charging and discharging of the 
battery when the charging/discharging current of the battery 
considering the polarization voltage exceeds a predetermined value . 

The charging/discharging current value of the battery 
considering the polarization voltage can be precisely obtained in 

25 a range which is wider than a normal usage range (for example, -120 
A ~ 120 A) of the current detector unit such as a current sensor, 
and, therefore, it is effective to use the charging/discharging 
current value of the battery considering the polarization voltage 
for determination of the establishment of prohibition condition 
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of the charging and discharging of the battery. 

(18) According to another aspect of the present invention, 
it is preferable that, in a battery state-of-charge estimator as 
described above, the temperature detector unit is placed in the 
battery, on the surface of the battery, or near the surface of the 
battery. 

As described, by detecting the battery temperature, which has 
a high correlation to the internal resistance of the battery, the 
precision of the estimated SOC can be improved. 

(19) According to another aspect of the present invention, 
it is preferable that, in a battery state-of -charge estimator as 
described above, at least one of the first SOC estimator unit, the 
second SOC estimator unit, and the SOC estimator unit periodically, 
estimates the SOC at a predetermined interval. 

By periodically estimating the SOC at a predetermined interval, 
it is possible to know a more recent state of charge of the battery. 

Brief Description of Drawings 
Fig. 1 is a block diagram showing a structure of a system in 
20 which a battery state-of -charge estimator according to a first 
preferred embodiment or a second preferred embodiment of the present 
invention is applied to a hybrid electric vehicle. 

Fig. 2 is a flowchart for explaining an operation of a second 
SOC estimator unit according to a first preferred embodiment of 
25 the present invention. 

Fig. 3 is a diagram for explaining self -convergence of an 
estimated SOC of a battery which is estimatedby a second SOC estimator 
unit according to a first preferred embodiment of the present 
invention and the actual SOC of the battery. 

16 
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Fig. 4 is a flowchart for explaining an example operation of 
a first SOC estimator unit according to a second preferred embodiment 
of the present invention. 

Fig. 5 is a block diagram showing a structure of a system in 
5 which the battery state-of -charge estimator according to a third 
preferred embodiment of the present invention is applied to a hybrid 
electric vehicle. 

Fig. 6 is a flowchart for explaining an operation of another 
example structure of a first SOC estimator unit according to a third 
10 preferred embodiment of the present invention. 

Fig. 7 is a flowchart for explaining a switching operation 
of a first SOC estimator unit and a second SOC estimator unit according 
to a fourth preferred embodiment of the present invention. 

Fig. 8 is a f lowchart . f or explaining an operation of an 
15 exemplified SOC estimation according to a fifth preferred embodiment 
of the present invention. 

Fig. 9 is a flowchart for explaining an example operation for 
calculating an amount of remaining energy of the battery according 
to a sixth preferred embodiment of the present invention. 
20 Fig. 10 is a flowchart for explaining an example operation 

of SOC estimation according to a seventh preferred embodiment of 
the present invention. 

Fig. 11 is a flowchart for explaining an example operation 
of SOC estimation according to an eighth preferred embodiment of 
25 the present invention. 

Fig. 12 is a flowchart for explaining an example operation 
of SOC estimation according to a ninth preferred embodiment of the 
present invention . 

Fig. 13 is a flowchart for explaining an example operation 



of SOC estimation according to a tenth preferred embodiment of the 
present invention . 

Fig. 14 is a block diagram showing a structure of a system 
in which a battery state-of -charge controller according to a related 
5 art is applied in a hybrid electric vehicle. 

Fig. 15 is a flowchart for explaining an operation of an SOC 
estimator unit of a battery state-of -charge controller according 
to a related art. 

10 Best Mode for Carrying Out the Invention 

Preferred embodiments of the present invention will now be 
described referring to the drawings. 

First Preferred Embodiment 

15 <First example device having a current detector unit> 
[Structure of a battery state-of -charge estimator] 

Fig. 1 is a block diagram showing a structure of a system in 
which a battery state-of -charge estimator according to a first 
preferred embodiment of the present invention is applied to a hybrid 

20 electric vehicle. A battery 10 is a battery pack in which a plurality 
of battery cells are connected in series and comprises, for example, 
cells of nickel hydrogen (Ni-MH) batteries and lithium ion batteries . 

A voltage of the battery 10 is measured by a voltage detector 
12 which is a voltage detector unit and the measured voltage is 

25 supplied to a battery ECU 14 . A current sensor 16 which is a current 
detector unit for detecting a current of the battery is also connected 
to the battery ECU 14 such that the detected battery current value 
is supplied to the battery ECU 14. A thermometer 26 for detecting 
a temperature of the battery is provided for the battery 10 and 
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a value of the detected battery temperature is also supplied to 
the battery ECU 14 . Here, the thermometer 26 is placed in the battery 
10, on a surface of the battery 10, or near the surface of the battery 
10 . In addition, a relay 1 for measuring an open voltage is provided 
5 between the battery 10 and the current sensor 16. Similarly, a relay 
2 for measuring an open voltage is provided between the battery 
10 and a DC/DC converter 32. A vehicle load 38 is connected to the 
DC/DC converter 32 via a 12V battery 36. Examples of a vehicle load 
38 include, for example, the requirements of a break light, an 

10 electrically-driven fan, ablower, aheadlight, a fog lamp, adefogger, 
a wiper, or the like. An HVECU 18 receives a signal from an accessory 
sensor or the like 18, outputs an output instruction for engine 
to an E/GECU 28 which controls output of an engine 24 or the like, 
and receives engine output control information from the E/GECU 28. 

15 In addition, the HVECU 18 outputs a torque instruction or the like 
to a motor ECU 38 and receives an input of motor control information 
from the motor ECU 38. The motor ECU 38 also controls a switching 
operation at an inverter 20. In this manner, an input to a motor 
generator 22 is determined and a driving wheel can be driven according 

20 to the output. In the present embodiment, a structure is described 
with one voltage detector unit, one current detector unit, and one 
thermometer, but the numbers of the respective components are not 
thus limited, and a plurality of voltage detector units, current 
detector units, or thermometers may be provided at a plurality of 

25 locations in order to improve detection precision, such as, for 
example, one component in each cell. The current sensor 16 employed 
as the current detector unit of Fig. 1 may be, for example, a current 
sensor which magnetically detects the current. 

The battery ECU 14 uses both the supplied battery voltage and 

19 



the supplied battery current and has at least one of first, second, 
third, and fourth SOC detector units as described below . The battery 
ECU 14 supplies the SOC detected in one of the SOC detector units 
to the HVECU 18. 

The HVECU 18 determines a torque instruction based on 
information such as, for example, the acceleration, the level of 
brake pressure, and the vehicle speed and controls the output of 
the motor generator 22 such that the output matches the torque 
instruction. In other words, the HVECU 18 controls switching at 
the inverter 20 and, at the same time, controls the output of the 
engine 24 . With this configuration, an input to the motor generator 
22 is determined and the output of the motor generator 22 is controlled 
to match the torque instruction. 

The battery 10 is charged or discharged based on, for example, 
a running state of the vehicle (for example, starting, normal running, 
acceleration, deceleration, etc.), vehicle load (for example, the 
load of a brake light, headlight, wiper, fan, or the like), and 
the state of charge of the battery. 
[Estimation of state of charge of battery] 

Next, an example operation of a second SOC estimator unit 
according to the present invention will be described referring to 
Fig. 2 . In example of the present embodiment, a solution is provided 
for a problem resulting from erroneous integration when a measured 
charging/discharging current value measured by the current sensor 
16 contains an error. 

When IG is switched ON, the voltage detector 12 measures an 
initial battery voltage V 0 before the relays 1 and 2 are switched 
on (S100) . Then, the initial battery voltage V 0 is set as an open 
voltage V ocv i (S102) . The voltage detector 12 measures a present 
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battery voltage Vn (n is 1 - n and does not include 0; this applies 
similarly in the following descriptions) under a loaded state after 
the relays 1 and 2 are switched on and the current sensor 16 measures 
a present battery charging/discharging current i n under a loaded 

5 state after the relays 1 and 2 are switched on (S104) . An internal 
resistance R n of the battery is determined based on the battery voltage 
V n and the measured battery current i n (S106) . Next, an estimated 
charging/discharging current I n is determined based on the measured 
battery voltage V„, an open voltage V ocvn -i of the battery determined 

10 based on the state of charge (SOC) which is previously estimated, 
and the battery internal resistance R n determined through calculation 
(S108). In S108, at an initial calculation of the estimated 
charging/discharging current I n , the measured voltage V 0 of the 
battery is used as the opening voltage V ocvn _i of the battery. Then, 

15 the estimated charging/discharging current I„ is integrated to 
estimate SOC n (S110) . Using a correlation map between the SOC and 
the open voltage V ocv which is stored in advance, V OC vn-i is calculated 
based on the calculated SOC n (S112) and the next SOC is estimated 

based on the v ocvn-l • 

20 As shown in Fig. 3, with the second SOC estimator unit of the 

first preferred embodiment of the present invention as described 
above, the estimated SOC which is estimated through integration 
of estimated charging/discharging current value converges to the 
actual SOC, and therefore, an estimation precision of the state 

25 of charge (SOC) of the battery can be improved. In other words, 
the following equation (1) is satisfied: 

Current I = (V m - /R (1) 
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wherein V m represents the measured voltage, R represents the internal 
resistance, and V OC v represents the open voltage. 

When the real current value is represented by I r eai/ the 
following equation (2) is satisfied: 

5 

Real current value I re ai = (V m - V OC v-reai)/R (2) 

When the estimated V ocv is greater than V ocv -reai/ that is, when 
Vocv-reai < V ocv i , the following equation (3) is satisfied: 

10 

(V m - V ocvl ) /R = Ii < Ireai (3) 

When, on the other hand, the estimated V OC v is smaller than 
Vocv-reai, that is, when V ocv - r eai > V OC v2/ the following equation (4) 
15 is satisfied: 

(V m " V ocv2 ) /R = 1 2 > Ireai (4) 

Thus, as shown in Fig. 3, it can be concluded that, when the 
20 estimated SOC is greater than the actual SOC, the 
charging/discharging current value Ii is always estimated smaller 
than the actual current value I re ai and that, when the estimated SOC 
is smaller than the actual SOC, the current value I 2 is always estimated 
to be greater than the actual current value Ireai- Therefore, the 
25 estimated SOC self -converges to the actual SOC as time elapses and, 
consequently, the precision of SOC estimation of the SOC estimator 
according to the present invention is improved. 

Therefore, even when the measured charging/discharging 
current value of the current sensor 16 contains an error, degradation 
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of the precision of the estimated SOC can be inhibited. 
Second Preferred Embodiment 

<Second example device having a current detector unit> 
5 [Structure of battery state-of -charge estimator] 

A battery state-of -charge estimator according to the second 
preferred embodiment has a structure identical to that in the first 
preferred embodiment of the present invention described above, and 
the elements identical to those in the first preferred embodiment 
10 will be assigned the same reference numerals and will not be described 
again . 

[Estimation of state of charge of battery] 

An example first SOC estimator unit according to the present 
invention is operated as shown in Fig. 4 in the battery ECU 14 shown 
15 in Fig. 1. 

When IG is switched ON, the voltage detector 12 measures an 
initial battery voltage V 0 before the relays 1 and 2 are switched 
on (S200) . Then, the initial battery voltage V 0 is set as an open 
voltage V ocvl (S202) . The voltage detector 12 measures a present 

20 battery voltage V n (n is 1 ~ n and does not include 0; similarly 
in the following description) under a loaded state after the relays 
1 and 2 are switched on and the thermometer 26 measures a present 
battery temperature T n (S204) . It is determined whether or not an 
estimation operation m of the SOC n to be described below has been 

25 performed for 10 times (S206) . When the number m of estimation 
operations is less than 10, the number m of estimation operations 
is incremented by 1 (S208) and an internal resistance R n of the battery 
is estimated from the measured battery temperature T n using a 
correlation map between the battery temperature T and the internal 

23 



resistance R of the battery which is stored in advance (S210) . An 
estimated charging/discharging current I n is calculated using the 
measured battery voltage V n , an open voltage V ocvn -i of the battery 
which is determined based on the state of charge (SOC) which is 
5 previously estimated, and the estimated internal resistance R n of 
the battery (S212) . In S212, at an initial calculation of the 
estimated charging/discharging current I n/ the measured voltage V 0 
of the battery is used as the open voltage V ocvn _i of the battery. 
Then, the estimated charging/discharging current I n is integrated 

10 to estimate SOC n (S214) . Using a correlation map between the SOC 
and the open voltage V ocv which is stored in advance, V OCV n-i is 
calculated based on the determined SOC n (S216) and the next SOC is 
estimated based on the V OCV n-i- 

When, on the other hand, the number m of estimation operations 

15 of SOC n reaches 10 (S206) , the number m of estimation operations 
is reset to 0 (S220) and the current sensor 16 measures a 
charging/discharging current i n (S222). Then, the internal 
resistance R n of the battery is calculated from the battery voltage 
V n and the measured charging/discharging current i n (S224) and the 

20 battery temperature T n at this time is measured. The correlation 
map between the battery temperature T and the internal resistance 
R of the battery which is stored in advance as described above is 
corrected in order to correct a deviation in the relationship between 
the internal resistance R and the dissociation temperature T due 

25 to, for example, deterioration of the battery (S226) . The step S210 
and steps following the step S210 are performed based on the corrected 
and updated T-R correlation map corrected based on the correction. 
In general, the charging/discharging current i n which is 
instantaneously measured by the current sensor 16 is correct, and 
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therefore, it is possible to maintain precision of the estimated 
SOC as described below by applying a correction using the measured 
charging/discharging current i n . 

The sequence of operations fromS204 toS216inFig. 4 isnormally 

5 performed in 8 milliseconds, but the time may be longer, such as, 
for example, approximately 1 second. 

With the first SOC estimator unit as described, because the 
internal resistance of the battery is estimated basically without 
using the charging/discharging current from the current sensor 16, 

10 even when the measured charging/discharging current value measured 
by the current sensor 16 contains an error or is an abnormal value, 
it is possible to highly precisely estimate the state of charge 
of the battery without being affected by the measured 
charging/discharging current value. In addition, by periodically 

15 correcting the estimated internal resistance based on the calculated 
internal resistance, it is possible to inhibit an increase in the 
error of the estimated SOC due to deterioration of the battery as 
time elapses. 

20 Third Preferred Embodiment 

<Third example device which does not use a current detector unit> 
[Structure of the battery state-of -charge estimator] 

A battery state-of -charge estimator according to the present 
embodiment has a structure identical to that of the first and second 

25 preferred embodiments described above except that the battery 
state-of-charge estimator according to the present embodiment does 
not have a current sensor 16. The elements identical to those in 
the first and second preferred embodiments are assigned the same 
reference numerals and will not be described again. 



[Estimation of state of charge of the battery] 

An operation of another example first SOC estimator unit 
according to the present invention in a battery ECU 14 as shown 
in Fig. 5 will now be described referring to Fig. 6. 

5 When IG is switched ON, the voltage detector 12 measures an 

initial battery voltage V 0 before the relay 2 is switched on (S300) . 
Then, the initial battery voltage V 0 is set as an open voltage V ocv i 
(S302 ) . The voltage detector 12 measures a present battery voltage 
V n (n is 1 - n and does not include 0; similarly in the following 

10 description) under a loaded state after the relay 2 is switched 
on and the thermometer 26 measures a present battery temperature 
T n (S304) . Then, an internal resistance R n of the battery is estimated 
based on the measured battery temperature T n using a correlation 
map between the battery temperature T and the internal resistance 

15 R of the battery which is stored in advance (S306) . An estimated 
charging/discharging current I n is determined using the measured 
battery voltage V n , an open voltage V OCV n-i of the battery which is 
determined based on the state of charge (SOC) which is previously 
estimated, and the estimated internal resistance R n of the battery 

20 (S308). In S308, at an initial calculation of the estimated 
charging/discharging current I n , the measured voltage V 0 of the 
battery is used as the open voltage V OC vn-i of the battery. Then, 
the estimated charging/discharging current I n is integrated to 
estimate SOC n (S310) . Using a correlation map between the SOC and 

25 the open voltage V OC v which is stored in advance, V OC vn-i is calculated 
based on the determined SOC n (S312) and the next SOC is estimated 

based on the v ocvn-l • 

Because the above-described first SOC estimator unit estimates 
the SOC without using the current sensor 16, it is possible to 
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1 

precisely estimate the SOC regardless of the output of the current 
sensor 16 even in an environment in which the output of the current 
sensor 16 contains noise. In addition, the present embodiment is 
preferable because the present embodiment does not have the current 

5 sensor which is expensive and the cost of the device can be reduced 
in cases in which the internal resistance of the battery and the 
battery temperature does not significantly change as time elapses. 
The present embodiment is also preferable, for example, in cases 
in which a plurality of correlation maps between the internal 

10 resistance of the battery and the battery temperature are stored 
in advance corresponding to the elapse of time. As described 
regarding the second preferred embodiment of the present invention, 
it is also possible to continuously correct the correlation map 
between the internal resistance of the battery and the temperature 

15 of the battery by calculating the internal resistance of the battery 
using the measured charging/discharging current i n / measuring the 
battery temperature at that time, and correcting the correlation 
map using the calculated internal resistance of the battery and 
the measured battery temperature (that is, steps of S206 - S210 

20 and S220 - S226 of Fig. 4). 

Fourth Preferred Embodiment 

<Fourth example device having a current detector unit> 

In another configuration of the present invention, it is 
25 possible to provide within the battery ECU 14 shown in Fig. 1 a 
current sensor abnormality determination device which compares the 
measured charging/discharging current i n detected by the current 
sensor 16 and the estimated charging/discharging current I n described 
below and determines the current sensor 16 to be abnormal when an 
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absolute value of a difference between the charging/discharging 
currents i n and I n is greater than a predetermined difference and 
that the current sensor 16 is normal when the difference is a 
predetermined difference or smaller. In this configuration, a first 

5 SOC estimator unit and a second SOC estimator unit as shown in Fig. 
7 are operated in a switching manner. 

When IG is switched ON, the voltage detector 12 measures an 
initial battery voltage V 0 before the relays 1 and 2 are switched 
on (S100) . Then, the initial battery voltage V 0 is set as an open 

10 voltage V ocv i (S102) . The voltage detector 12 measures a present 
battery voltage V n (n is 1 ~ n and does not include 0; similarly 
in the following description) under a loaded state after the relays 
1 and 2 are switched on and the current sensor 16 measures a present 
battery charging/discharging current i n under a loaded state after 

15 the relays 1 and 2 are switched on (S104). Then, an internal 
resistance R n of the battery is calculated based on the battery voltage 
V n and the measured battery current i n (S106) . An estimated 
charging/discharging current I n is calculated based on the measured 
battery voltage V n , the open voltage V ocvn -i of the battery which is 

20 determined based on the state of charge (SOC) which is previously 
estimated, and the internal resistance R n of the battery which is 
obtained through calculation (S108) . Then, the measured battery 
charging/discharging current i n and the estimated 
charging/discharging current value I n are compared, and, when the 

25 difference between the current values is greater than a predetermined 
difference and it is determined that the current sensor 16 is abnormal 
(S109), the switch is switched to the first SOC estimator unit, 
the voltage detector 12 measures a present battery voltage V n (n 
is 1 - n and does not include 0 ; similarly in the following description) , 
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and the thermometer 26 measures the present battery temperature 
T n (S3 04) . Using a correlation map between the battery temperature 
T and the internal resistance R of the battery which is stored in 
advance, an internal resistance R n of the battery is estimated from 

5 the measured battery temperature T n (S306) . Then, an estimated 
charging/discharging current I n is calculated using the measured 
battery voltage V n , the open voltage V ocvn -i of the battery which is 
determined based on the state of charge (SOC) which is previously 
estimated, and the estimated internal resistance R n of the battery 

10 (S308). In S308, at an initial calculation of the estimated 
charging/discharging current I n # the measured voltage V 0 of the 
battery is used as the open voltage V OCV n-i of the battery. Then, 
the estimated charging/discharging current I n is integrated to 
estimate SOC n (S310) . When, on the other hand, the difference between 

15 the current values is a predetermined difference or smaller, it 
is determined that the current sensor 16 is normal (S109) and the 
estimated charging/discharging current In is integrated to estimate 
the SOC n by the second SOC estimator unit (S110) . In S108, at an 
initial calculation of the estimated charging/discharging current 

20 I n , the measured voltage V 0 of the battery is used as the open voltage 
Vocvn-i of the battery. Using a correlation map between the SOC and 
the open voltage V ocv which is stored in advance, V OC vn-i is determined 
based on the determined SOC n (S112) and the next SOC is estimated 
based on the V OCV n-i- In the device which uses the first and second 

25 estimator units in a switching manner as described above, even when 
the current sensor 16 is temporarily abnormal , the SOC can be precisely 
estimated through the steps of S304 - S310 and S112 after it is 
determined that the current sensor 16 is abnormal (S109) . 

In addition, in the present embodiment, the measured 
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charging/discharging current i n of the battery and the estimated 
charging/discharging current I n are compared and it is determined 
that the current sensor 16 is abnormal when the difference between 
the current values is greater than a predetermined difference. The 
5 present invention, however, is not limited to this configuration, 
and, alternatively, it is also possible to switch to the second 
SOC estimator unit when a change of the charging/discharging current 
i n of the battery becomes large, in place of the step S109 of Fig. 
7 (S304 - S310) . 

10 It is preferable in the first SOC estimator unit that, for 

example, a plurality of correlation maps between the internal 
resistance of the battery and the temperature of the battery are 
stored in advance, corresponding to different points of time as 
time elapses. In addition, it is also possible to continuously 

15 calculate the internal resistance of the battery using the measured 
charging/discharging current i n , measure the battery temperature 
at that point, and correct the correlation map between the internal 
resistance and the temperature of the battery using the calculated 
internal resistance of the battery and the measured battery 

20 temperature in the first SOC estimator unit (that is, the process 
, of S206 - S210 and S220 - S226 of Fig. 4). 

As another configuration of the present invention, it is 
possible to employ a configuration in which a third SOC estimator 
unit for integrating a measured battery charging/discharging current 

25 measured by the current sensor 16 to estimate the SOC is provided, 
the SOC is estimated basically using the third SOC estimator unit, 
and, when the current sensor 16 is abnormal or the measured current 
value contains an error (including cases of step S109 of the fourth 
preferred embodiment described above and when a change of the 
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charging/discharging current of the battery is large) , the estimator 
unit is switched to the first SOC estimator unit or the second SOC 
estimator unit described above in the first through third preferred 
embodiments to estimate the SOC. 

5 

Fifth Preferred Embodiment 

<Fifth example device having a current detector unit> 
[Structure of a battery state-of -charge estimator] 

A battery state-of -charge estimator of the present embodiment 

10 has a structure identical to those in the first through fourth 
embodiments described above, and therefore, the elements identical 
to those in the first through fourth embodiments are assigned the 
same reference numerals and -will not described again. 
[Estimation of state of charge of the battery] 

15 An exemplified third or fourth SOC estimator unit according 

to the present invention operates as shown in Fig. 8 in the battery 
ECU 14 as shown in Fig. 1. In addition, in the present embodiment, 
a battery capacity calculator device for periodically or 
continuously calculating the capacity of the battery is provided 

20 in the battery ECU 14 shown in Fig. 1. 

As shown in Fig. 8, when IG is switched ON, the voltage detector 
12 measures an initial battery voltage V 0 before the relays 1 and 
2 are switched on (S100) . Then, the initial battery voltage V 0 is 
set as an open voltage V OC vi (S102) . The voltage detector 12 measures 

25 a present battery voltage V n (n is 1 - n and does not include 0; 
similarly in the following description) under a loaded state after 
the relays 1 and 2 are switched on and the current sensor 16 measures 
a present charging/discharging current i n of the battery under a 
loaded state after the relays 1 and 2 are switched on (S104) . An 
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internal resistance R n of the battery is calculated based on the 
battery voltage V n and the measured battery current i n (S106) • An 
estimated charging/discharging current I n is determined based on 
the measured battery voltage V n/ the open voltage V OC vn-i of the battery 

5 which is determined based on the state of charge (SOC) which is 
previously estimated, and the internal resistance R n of the battery 
which is determined through calculation (S108) . In S108, at an 
initial calculation of the estimated charging/discharging current 
I n , the measured voltage V 0 of the battery is used as the open voltage 

10 V OCV n-i of the battery. Then, the estimated charging/discharging 
current I n is integrated to estimate SOC n (S110) . 

Then, a battery full-capacity calculator device provided in 
the battery ECU 14 determines a full capacity Ah n (in a unit of A/h) 
of the battery based on the following equation (5) and using the 

15 SOC n and an integrated value of the measured current i n (in a unit 
of mA) (S320) . In the equation (5), an integrated value of the 
measured current i n for one second is used as an example. 

SOC n — (Integrated value of measured current i n /full capacity Ah n 
20 of the battery) x (100/3600) (5) 

From the above equation, the full capacity Ah n of the battery 
is determined and SOC n +i is determined using the following equation 
(6) and based on the integrated value of the measured current i n+1 
25 after the battery capacity is measured (S322) . 

SOCn+i = (integrated value of measured current i n+ i/full capacity 
Ah n of the battery) x (100/3600) (6) 
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SOC n is replaced with the determined SOC n +i (S324), V OCV n-i is 
determined using a correlation map between the SOC and the open 
voltage V OC v which is stored in advance and based on the determined 
SOC n (3112), and the next SOC is estimated based on the V OC vn-i- 
5 In general, when the SOC is estimated based on the estimated 

charging/discharging current of the battery obtained through 
calculation using the measured voltage value of the battery, even 
if the capacity changes due to deterioration of the battery, the 
relationship between the SOC and the open voltage does not change, 

10 and, thus, it is possible to accurately estimate the SOC. When, 
however, the polarization voltage and its slight change is not taken 
into consideration during calculation of the open voltage, the 
precision of the estimated charging/discharging current value of 
the battery based on the open voltage is slightly reduced, and 

15 therefore, it has been difficult to highly precisely estimate the 
SOC. When, on the other hand, the SOC is estimated based on the 
measured current value of the battery as in the related art, highly 
precise estimation can only be achieved under conditions that the 
initial SOC is correct, the precision of the current sensor 16 is 

20 high, and the full capacity of the battery is always constant. 
Therefore, by estimating the SOC based on the full capacity of the 
batte ry as in the present embodiment, it is possible to more precisely 
estimate the SOC. 

25 Sixth Preferred Embodiment 

<Sixth example device having a calculation functionality of a 
remaining amount of energy of the battery> 
[Structure of batter state-of -charge estimator] 

A battery state-of -charge estimator of the present embodiment 
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has a function to calculate an amount of remaining energy of the 
battery in addition to the elements of the first through fifth 
preferred embodiments. 

[Calculation of amount of remaining energy of the battery] 

5 In the sixth preferred embodiment of the present invention, 

a remaining capacity detector is provided for detecting a remaining 
capacity in each individual cell within the battery of Fig. 1. An 
output from the remaining capacity detector is sent to a calculator 
device for calculating the amount of remaining energy of the battery 

10 provided in the battery ECU 14. The remaining capacity detector 
may be provided in the battery 10 or, alternatively, may be provided 
external to the battery 10. 

AsshowninFig. 9, when IG is switchedON, the remaining capacity 
detector detects a remaining capacity of each individual cell within 

15 the battery 10 (S330) . Then, the calculator device of amount of 
remaining energy provided in the battery ECU 14 detects a minimum 
remaining capacity from among the remaining capacities of the 
individual cells output from the remaining capacity detector (S332) 
and calculates a minimum amount of remaining energy of the battery 

20 by multiplying the minimum remaining capacity by the number of 
individual cells . 

In this manner, even when the cells in the battery 10 are 
individually deteriorated and the capacity of each cell changes, 
it is possible to know the minimum amount of remaining energy which 

25 can be extracted from the battery 10. 

Seventh Preferred Embodiment 

<Seventh example device having a current detector unit> 
[Structure of a battery state-of -charge estimator] 



A battery state-of -charge estimator according to the seventh 
preferred embodiment of the present invention has a structure 
identical to those in the first through fifth preferred embodiments, 
and therefore, elements identical to those in the first through 
5 fifth preferred embodiments are assigned the same reference numerals 
and will not be described again. 
[Estimation of state of charge of the battery] 

In the seventh preferred embodiment of the present invention, 
an estimated charging/discharging current is estimated in the 

10 battery ECU 14 of Fig. 1 in consideration of the polarization voltage 
as will be described below. 

As shown in Fig. 10, when IG is switched ON, the voltage detector 
12 measures an initial battery voltage V 0 before the relays 1 and 
2 are switched on (S100) . Then, the initial battery voltage V 0 is 

15 set as an open voltage V OC vi (S102) . The voltage detector 12 measures 
a present battery voltage V n (n is 1 ~ n and does not include 0; 
similarly in the following description) under a loaded state after 
the relays 1 and 2 are switched on, the current sensor 16 measures 
a present battery charging/discharging current i n under a loaded 

20 state after the relays 1 and 2 are switched on, and a polarization 
voltage V dyn is measured based on a current density in the battery 
10 and a specific conductivity of an electrolytic material or an 
active material in the cell of the battery (S344) . An internal 
resistance R n is determined based on the battery voltage V n and the 

25 measure battery current i n (S106) . An estimated 

charging/discharging current I n is calculated based on the measured 
battery voltage V n , an open voltage V ocvn -i of the battery which is 
determined based on the state of charge (SOC) which is previously 
estimated, an internal resistance R n of the battery determined through 
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calculation, and the polarization voltage V dyn (S348) . In S348, at 
an ini tial calculation of the estimated charging/discharging current 
I n , the measured voltage V 0 of the battery is used as the open voltage 
Vocvn-i of the battery. Then, the estimated charging/discharging 
5 current I n is integrated to estimate SOC n (S110) . Through the arrow 
40, V ocvn -i is determined based on the determined SOC n using a 
correlation map between the SOC and the open voltage V ocv which is 
stored in advance (S112) and the next SOC is estimated based on 

the Vocvn-l- 

10 In the above-described preferred embodiment, a measured 

current i n which is measured by the current sensor 16 of Fig. 1 is 
used, but thepresent invention is not limited to such a configuration, 
and it is possible to employ a configuration in which the current 
sensor 16 shown in Fig. 5 is not used, a measured voltage and the 

15 battery temperature are determined using the voltage detector 12 
and a thermometer 26, the voltage detector 12 measures the present 
battery voltage V n and the thermometer 26 measures the current battery 
temperature T n (S304) , an internal resistance R n of the battery is 
estimated based on the measured battery temperature T n using a 

20 correlation map between the battery temperature T and the internal 
resistance R of the battery which is stored in advance (S306) as 
shown in Fig. 6, an estimated charging/discharging current I n is 
determined based on the measured battery voltage V n , the open voltage 
Vocvn-i of the battery which is determined based on the state of charge 

25 (SOC) which is previously estimated, and the internal resistance 
R n of the battery and the polar i zat ion voltage V dyn which are determined 
through calculation (S348) as shown in Fig. 10, and the estimated 
charging /discharging current I n is integrated to estimate SOC n (SI 10) . 
Similar to the above, through the arrow 40, V ocvn -i is determined 
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based on the determined SOC n using a correlation map between the 
SOC and the open voltage V ocv which is stored in advance (S112), 
and the next SOC is estimated based on the V OC vn-i- 

By considering the polarization voltage of the battery as 

5 described, it is possible to more precisely estimate the SOC, In 
particular, in a lithium battery, the polarization during charging 
or discharging may affect the estimation of the SOC, and thus the 
precision may be improved by ±5% ~ ±10% with the above structure 
when applied to the lithium battery. 

10 In addition, it is also possible to employ a configuration 

of the fifth preferred embodiment as described above with the SOC n 
estimated in S110. In other words, as described above regarding 
the fifth preferred embodiment, it is possible to employ a 
configuration inwhicha full capacity Ah n of thebattery is determined 

15 based on the above-described equation (5) using the SOC n and an 
integrated value of the measured current i n in the battery 
full-capacity calculator device provided in the battery ECU 14 
(S320), SOC n+ i is determined based on the integrated value of the 
measured current i n+ i after the full capacity of thebattery is measured 

20 using equation (6) (S322) , the SOC n is replaced with the determined 
SOC n+ i (S324), through the arrow 50, V OCV n-i is determined based on 
the determined SOC n using a correlation map between the SOC and the 
open voltage V ocv which is stored in advance (S112), and the next 
SOC is estimated based on the V ocvn -i- 

25 

Eighth Preferred Embodiment 

<Eighth example device having a current detector unit> 
[Structure of a battery state-of -charge estimator] 

A battery state-of-charge estimator according to the eighth 



i 

preferred embodiment of the present invention has a structure 
ident ical to those in the first through seventh preferred embodiments, 
andelements identical to those in the first through seventh preferred 
embodiments are assigned the same reference numerals and will not 
5 be described again. 

[Estimation of state of charge of the battery] 

In the eighth preferred embodiment of the present invention, 
an estimated charging/discharging current is estimated considering 
the polarization voltage in the battery ECU 14 of Fig. 1 as will 

10 be described below, and, at the same time, another current sensor 
abnormality determination device is provided in the battery ECU 
14 of Fig. 1. The current sensor abnormality determination device 
compares the measured charging/discharging current i n which is 
detected by the current sensor 16 and an estimated 

15 charging/discharging current I n which will be described below and 
determines that the current sensor 16 is abnormal when an absolute 
value of a difference between the charging/discharging currents 
i n and I n is greater than a predetermined difference and that the 
current sensor 16 is normal when the difference is a predetermined 

20 difference or smaller. In such a configuration, the SOC estimator 
unit as shown in Fig. 11 is switched. 

As shown in Fig . 11, when IG is switched ON, the voltage detector 
12 measures an initial battery voltage Vo before the relays 1 and 
2 are switched on (S100) . Then, the initial battery voltage V 0 is 

25 set as an open voltage V OC vi (S102) . The voltage detector 12 measures 
a present battery voltage Vn (n is 1 - n and does not include 0; 
similarly in the following description) under a loaded state after 
the relays 1 and 2 are switched on, the current sensor 16 measures 
a present charging/discharging current i n of the battery under a 
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loaded state after the relays 1 and 2 are switched on, and a 
polarization voltage V dyn is measured based on a current density 
in the battery 10 and a specific conductivity of an electrolytic 
material or an active material within the cell of the battery (S344) . 

5 An internal resistance R n of the battery is determined based on the 
battery voltage V n and the measured battery current i n (S346) . Then, 
an estimated charging/discharging current I n is determined based 
on the measured battery voltage V n , the open voltage V ocvn -i of the 
battery which is determined based on the state of charge (SOC) which 

10 is previously estimated, and the internal resistance R n of the battery 
and the polarization voltage V dyn which are determined through 
calculation (S348) . In S348, at an initial calculation of the 
estimated charging/discharging current I n , the measured voltage V 0 
of the battery is used as the open voltage V OCV n-i of the battery. 

15 Then, the measured charging/discharging current i n of the 

battery and the estimated charging/discharging current value I n are 
compared. When an absolute value of a difference between the current 
values i n and I n is greater than a predetermined difference, it is 
determined that the current sensor 16 is abnormal (S305) and the 

20 estimated charging/discharging current value I n is integrated to 
estimate SOC n (S354) . When, on the other hand, the absolute value 
of the difference between the current values is a predetermined 
difference or smaller, it is determined that the current sensor 
16 is normal (S305) and the measured charging/discharging current 

25 i n of the battery is integrated to estimate SOC n (S352) . V OC vn-i is 
determined based on the determined SOC n using a correlation map 
between the SOC and the open voltage V ocv which is stored in advance 
(S112) and the next SOC is estimated based on the V OCV n-i- 

In the above-described preferred embodiment, the measured 



i 

current i n measured by the current sensor 16 of Fig. 1 is used. The 
present invention, however, is not limited to such a configuration, 
and it is also possible to employ a configuration in which the current 
sensor 16 of Fig. 5 is not used and the voltage detector 12 and 
5 the thermometer 26 are used for measured voltage and battery 
temperature. That is, it is also possible to employ a configuration 
in which, as shown in Fig. 6, the voltage detector 12 measures a 
present battery voltage V n and a thermometer 26 measures a present 
battery temperature T n (S304) , and an internal resistance R n of the 

10 battery is estimated based on the measured battery temperature T n 
using a correlation map between the battery temperature T and the 
internal resistance R of the battery which is stored in advance 
(S306) and then, as shown in Fig. 11, an estimated 
charging/discharging current I n is determined using the measured 

15 battery voltage V n , an open voltage V ocvn _i of the battery which is 
determined based on the state of charge (SOC) which is previously 
estimated, and an internal resistance R n of the battery and the 
polarization voltage V dyn which are determined through calculation 
(S348 ) , the measured charging/discharging current i n of the battery 

20 and the estimated charging/discharging current value I n are compared, 
and, when an absolute value of a difference between the current 
values is greater than a predetermined difference, it is determined 
that the current sensor 16 is abnormal (S305) and the estimated 
charging/discharging current value I n is integrated to estimate SOC n 

25 (S354 ) . When, on the other hand, the absolute value of the difference 
between the current values is a predetermined difference of smaller, 
it is determined that the current sensor 16 is normal (S305) and 
the measured charging/discharging current i n of the battery is 
integrated to estimate SOC n (S352) . Then, V ocvn -i is determined based 
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on the determined SOC n using a correlation map between the SOC and 
the open voltage V ocv which is stored in advance (S112) and the next 
SOC is estimated based on the 

v ocvn-l • 

With a structure as described above, the precision of the 
5 current sensor 16 can be determined and it is possible to more 
precisely estimate the SOC using a more accurate 
charging/discharging current value . 

Ninth Preferred Embodiment 

10 <Ninth example device having a current detector unit> 
[Structure of a battery state-of -charge estimator] 

A battery state-of -charge estimator according to a ninth 
preferred embodiment of the present invention has a structure f 
identical to those in the first through eighth preferred embodiments, 

15 and the elements- identical to those in the first through eighth 
preferred embodiments will be assigned the same reference numerals 
and will not be described again. 
[Estimation of state of charge of the battery] 

In the ninth preferred embodiment of the present invention, 

20 an estimated charging/discharging current is estimated considering 
the polarization voltage in the battery ECU 14 of Fig. 1 as will 
be described below and a switching device for switching between 
SOC estimator units depending on an environmental temperature of 
the battery as shown in Fig. 12 is provided in the battery ECU 14 

25 of Fig. 1. As used herein, the environmental temperature of the 
battery may be a temperature near an outer wall of the battery 10 
of Fig. 1 or a temperature of the environment outside the battery 
or vehicle. 

As shown in Fig . 12, when IG is switched ON, the voltage detector 
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12 measures an initial battery voltage V 0 before the relays 1 and 
2 are switched on (S100) . Then, the initial battery voltage V 0 is 
set as an open voltage V ocv i (S102) . The voltage detector 12 measures 
a present battery voltage V n (n is 1 - n and does not include 0; 
5 similarly in the following description) under a loaded state after 
the relays 1 and 2 are switched on, the current sensor 16 detects 
a present charging/discharging current i n of the battery under a 
loaded state after the relays 1 and 2 are switched on, a polarization 
voltage V dyn is measured based on a current density in the battery 
10 10 and a specific conductivity of an electrolytic material or an 
active material in the cell of the battery, and another thermometer 

(not shown) measures an environmental temperature of the battery 

(S364 ) . 

Then, it is determined whether or not the environmental 
15 temperature of the battery is within a very low temperature range 

(for example, -30 °C 20 °C) (S366) , and, when the environmental 

temperature of the battery is very low, the measured 
charging/discharging current i n is integrated to estimate SOC n (S352 ) . 
On the other hand, when the environmental temperature of the battery 
20 is not within the very low temperature range, an internal resistance 
R n of the battery is determined based on the battery voltage V n and 
the measured battery current i n (S346) . In addition, an estimated 
charging/discharging current I n is determined based on the measured 
battery voltage V n , an open voltage V OC vn-i of the battery which is 
25 determined based on the state of charge (SOC) which is previously 
estimated, and the internal resistance R n of the battery and the 
polarization voltage V dyn which are determined through calculation 
(S348). In S348, at an initial calculation of the estimated 
charging/discharging current I n/ the measured voltage V 0 of the 
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battery is used as the open voltage V OC vn-i of the battery. Then, 
the estimated charging/discharging current I n is integrated to 
estimate SOC n (S354) . Using a correlation map between the SOC and 
the open voltage V ocv which is stored in advance, V OC vn-i is determined 
5 based on the SOC n determined corresponding to the environmental 
temperature of the battery (S112) and the next SOC is estimated 

based on the v ocvn-1 • 

In the above-described preferred embodiment, the measured 
current i n which is measured by the current sensor 16 of Fig. 1 is 

10 used, but the present invention is not limited to such a configuration 
and it is also possible to employ a configuration in which a current 
sensor 16 of Fig. 5 is not used, a voltage detector 12 and a thermometer- 
26 are used, and the measured voltage and the battery temperature 
are used. That is, it is possible to employ a configuration in which, 

15 as shown in Fig. 6, the voltage detector 12 measures a present battery 
voltage V n and a thermometer 26 measures a present battery temperature 
T n (S304) and an internal resistance R n of the battery is estimated 
based on the measured battery temperature T n using a correlation 
map between the battery temperature T and the internal resistance 

20 R of the battery which is stored in advance (S306) , and, when the 
environmental temperature of the battery is not in the very low 
temperature range, an estimated charging/discharging current I n is 
determined using the measured battery voltage V n , an open voltage 
Vocvn-i of the battery which is determined based on the state of charge 

25 (SOC) which is previously estimated, and the internal resistance 
R n of the battery and the polarization voltage V dyn which are determined 
through calculation (S348), and the estimated charging/discharging 
current value I n is integrated to estimate the SOC n (S354) , as shown 
in Fig. 12. Then, using a correlation map between the SOC and the 
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open voltage V OC v which is stored in advance, V OCV n-i is determined 
based on the determined SOC n (S112) and the next SOC is estimated 
based on the V ocvn -i- 

Depending on the temperature range of the environmental 
5 temperature of the battery, there may be cases in which the detection 
precision of the current sensor 16 is high and cases in which the 
precision of the estimated charging/discharging current value is 
high, and, thus, it is possible to estimate the SOC using a more 
precise value. For example, near a very low temperature range (for 

10 example, -30 °C ~ -20 °C) , the internal resistance of the battery 
and the polarization voltage become large, and, consequently, there 
is a possibility that the precision of the estimated 
charging/discharging current value in step S348 may be degraded. 
In such cases, the precision of the SOC can be improved by integrating 

15 the measured charging/discharging current i n from the current sensor 
16 to estimate the SOC in the very low temperature range. 

Tenth Preferred Embodiment 

<Tenth example device having a current detector unit> 
20 [Structure of a battery state-of -charge estimator] 

A battery state-of -charge estimator according to the tenth 
preferred embodiment has a structure identical to those in the first 
through ninth preferred embodiments, and the elements identical 
to those in the first through ninth preferred embodiments will be 
25 assigned the same reference numerals and will not be described again . 
[Estimation of state of charge of battery] 

In the tenth preferred embodiment of the present invention, 
an estimated charging/discharging current is estimated considering 
a polarization voltage in the battery ECU 14 of Fig. 1 as will be 
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described below and a charging/discharging prohibition device is 
provided in the battery ECU 14 of Fig. 1 which determines whether 
or not an absolute value of the estimated charging/discharging 
current I n to be described later exceeds a predetermined value and 
5 prohibits charging and discharging of the battery when the absolute 
value of the estimated charging/discharging current I n exceeds the 
predetermined value. 

As shown in Fig. 13, when IG is switched ON, the voltage detector 
12 measures an initial battery voltage V 0 before the relays 1 and 

10 2 are switched on (S100) . Then, the initial battery voltage V 0 is 
set as an open voltage V OC vi (S102) . The voltage detector 12 measures 
a present battery voltage V n (n is 1 - n and does not include 0; 
similarly in the following description) under a loaded state after 
the relays 1 and 2 are switched on, the current sensor 16 measures 

15 a present charging/discharging current i n of the battery under a 
loaded state after the relays 1 and 2 are switched on, and a 
polarization voltage V dyn is measured based on a current density 
in the battery 10 and a specific conductivity of an electrolytic 
material or an active material in the cell of the battery (S344). 

20 An internal resistance R n of the battery is determined based on the 
battery voltage V n and the measured battery current i n (S346) . Then, 
an estimated charging/discharging current I n is determined using 
the measured battery voltage V n , an open voltage V OCV n-i of the battery 
which is determined based on the state of charge (SOC) which is 

25 previously estimated, and the internal resistance R n of the battery 
and the polarization voltage V dyn which are determined through 
calculation (S348) . In S348, at an initial calculation of the 
estimated charging/discharging current I n , the measured voltage V 0 
of the battery is used as the open voltage V OCV n-i of the battery. 
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Then, it is determined whether or not an absolute value of 
the estimated charging/discharging current value I n is greater than 
a predetermined value (S370), and, when the absolute value of the 
estimated charging/discharging current value I n is greater than the 

5 predetermined value, it is determined that the current is an abnormal 
current and the charging and discharging of the battery is prohibited 
(S372) . On the other hand, when the absolute value of the estimated 
charging/discharging current I n is a predetermined value or smaller, 
the estimated charging/discharging current value I n is integrated 

10 to estimate SOC n (S354). Then, V OCV n-i is determined based on the 
determined SOC n using a correlation map between the SOC and the open 
voltage V ocv which is stored in advance (S112) and the next SOC is 
estimated based on the V OC vn-i- 

In the above-described preferred embodiment, the measured 

15 current i n which is measured by the current sensor 16 of Fig. 1 is 
used, but the present invention is not limited to such a configuration, 
and it is also possible to employ a configuration in which the current 
sensor 16 of Fig. 5 is not used, a voltage detector 12 and a thermometer 
26 are used, and a measured voltage and a battery temperature are 

20 used. That is, it is also possible to employ a configuration in 
which, as shown in Fig. 6, the voltage detector 12 measures a present 
battery voltage V n and a thermometer 26 measures a present battery 
temperature T n (S304) and an internal resistance R n of the battery 
is estimated based on the measured battery temperature T n using a 

25 correlation map between the battery temperature T and the internal 
resistance R of the battery which is stored in advance (S306) , and, 
as shown in Fig. 13, an estimated charging/discharging current value 
I n is determined using the measured battery voltage V n , an open voltage 
Vocvn-i of the battery which is determined based on the state of charge 



(SOC) which is previously estimated, and the internal resistance 
R n of t he battery and the polarization voltage V dyn which are determined 
through calculation (S348), it is determined whether or not an 
absolute value of the estimated charging/discharging current value 
Inisgreater than a predetermined value (forexample, 120 A in absolute 
value) (S370), similar to the above, when the absolute value is 
greater than the predetermined value, charging and discharging of 
the battery is prohibited (S372) and when, on the other hand, the 
absolute value of the estimated charging/discharging current value 
I n is a predetermined value or smaller, the estimated 
charging/discharging current value I n is integrated to estimate S0C n 
(S354), Vocvn-x is determined based on the determined SOC n using a 
correlation map between the SOC and the open voltage V ocv which is 
stored in advance (S112), and the next SOC is estimated based on 

the Vocvn-l- 

In general, because of a design of a current sensor, the current 
sensor cannot accurately measure a current value when the current 
exceeds a normal usage range (for example, -120 A ~ 120 A) . On the 
other hand, the estimated charging/discharging current I n 
considering the polarization voltage allows measurement in a wider 
range than the measured charging/discharging current i n by the current 
sensor 16. Therefore, it is effective to set, as a prohibition 
condition of charging or discharging the battery, whether or not 
the estimated charging/discharging current I n which is highly precise 
in a wider range exceeds a predetermined value which is set as an 
abnormal current value in advance. 

In any of the first through tenth preferred embodiments as 
described above, it is preferable that the SOC is periodically 
estimated at a predetermined interval. With such a configuration, 



47 



it is possible to know a more recent state of charge of the battery. 

As described, according to the present invention, it is 
possible to precisely estimate the SOC. 

Although the present invention has been described in detail, 
the description should not be construed as limiting the present 
invention . 

Industrial Applicability 
A battery state-of -charge estimator of the present invention 
is used for, for example, estimating a state of charge of a battery 
which is equipped in a vehicle. 
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